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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce delay in a circuit and 
realize improvement of noise resis lance in a semiconductor 
integrated circuit of a multilayer wiring structure with a wiring 
layer of an oblique wiring lattice. 

SOLUTION: An n-th (n 2) layer wiring is provided with 
reference wiring layers 1, 2 forming an X-Y direction 
reference wiring lattice by a wiring of an m-th (m 2) layer at 
right angles to an (n-1 )-lh layer wiring and oblique wiring 
layers 3, 4 which intersect at 45° or 135° to a reference wiring 
lattice by an (m+I )-th layer wiring and an (m+2)-th layer 
wiring which intersect at right angles mutually and whose 
wiring pilch between the (m+1 )-lh layer wiring and the (m+2)- 
th layer wiring is scl 2 times to a wiring pitch between wiring 
of each reference wiring layer and whose wiring width is set to 
2 times the wiring width of each reference wiring layer. 
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(54) [Title of the Invention] Semiconductor integrated circuit apparatus, semiconductor integrated 

circuit wiring method and cell layout method 

(57) [Abstract] 

[Object] To achieve the reduction of circuit delay and the improvement of noise resistance in a 
semiconductor integrated circuit with a multi-layer wiring structure comprising wirinc layers of diagonal- 
direction wiring grids. ^ fc " 

[Solution] Standard wiring layers (1,2) constituting standard wiring grids in the X-Y direction are 
prov,ded by m layers ( W >2) of wiring in which the nth layer („>2) wiring and the („-] )th layer wiring 
cross each other perpendicularly; furthermore, by the (,»+l)th layer wiring and the (w+2)th layer wiring 
that cross each other perpendicularly, diagonal wiring layers (3, 4) constituting diagonal wirino a r j ds are 
provided wh.ch cross the standard wiring grids at an angle of 45° or 135°, in which the line pitch between 
the wiring lines of the (m+l)th layer and between the wiring lines of the (m+2)th layer is <et at V? linvs 
the line pitch between the wiring lines of the respective layers of the standard wiring layers, and in which 
the wiring line width [of the (,„ + l)th layer wiring and the (/» + 2)th layer wiring] is also set at V2 times the 
wiring line width between the wiring lines of the respective layers of the standard wirino layers 
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[Claims] 

[Claim I] A semiconductor integrated circuit apparatus which is characterized by the fact that 

[a] said apparatus comprises 

[i] a semiconductor region in which a plurality of unit elements are formed, 

[ii] standard wiring layers which are formed above said semiconductor region and which form 
standard wiring grids in the X-Y direction by m layers (m>2) of wiring in which the nth layer 
(;?>2) wiring and the (/i-l)th layer wiring cross each other perpendicularly, and 

[iii] diagonal wiring layers which are positioned above the aforementioned standard wiring 
layers and which form, by the (m+l)th layer wiring and the (/w+2)th layer wiring that cross each 
other perpendicularly, diagonal wiring grids that cross the aforementioned standard wiring grids 
at an angle of 45° or 135°; 

[b] the line pitch between the wiring lines of the (//i+I)th layer and between the wiring lines of 
the (m+2)lh layer of the aforementioned diagonal wiring layers is set at V2 times the line pitch 
between the wiring lines of the respective layers of the aforementioned standard wiring layers; 
and 1 [c] the wiring line width of the (w+l)th layer and the wiring line width of the 
aforementioned (/;?+2)th layer of the aforementioned diagonal wiring layers are set at \'2 times 
the wiring line width of the respective layers of the aforementioned standard wiring layers. 

[Claim 2] The semiconductor integrated circuit apparatus described in Claim 1, which is 
characterized by the fact that the wiring film thickness of the aforementioned diagonal wiring 
layers is set at V2 times the wiring film thickness of the aforementioned standard wiring grids." 

[Claim 3] The semiconductor integrated circuit apparatus described in Claim 1 or Claim 2, 
which is characterized by the fact that the aforementioned standard wiring layers and the 
aforementioned diagonal wiring layers form wiring channel regions, and 
said wiring channel regions are formed in a direction parallel to the cell rows which consist of 
rows of logic cells made up of the aforementioned unit elements. 

[Claim 4] The semiconductor integrated circuit apparatus described in any of Claims 1 through 

3, which is characterized by the fact that via holes for wiring connection are provided at the 
intersections of the wiring of the aforementioned standard wiring layers and the wiring of the 
aforementioned diagonal wiring layers, and 

the cross-sectional shape of these via holes is a hexagon, octagon, or parallelogram. 

[Claim 5] The semiconductor integrated circuit apparatus described in any of Claims 1 through 

4, which is characterized by the fact that the aforementioned plurality of unit elements form 
cells, and 



1 Translator's note: Wc have used ihe same paragraph breaks as the original document, and added [a], [b], [c], etc., 
and [i], [ii], I iii], etc., to indicate the parallel structure in a highly complex sentence. 

2 Translator's note: The terms "layer" and "grid" arc interchangeably used throughout the Japanese source document; 
our translation faithfully rcHccts the wording of the original document. 
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.said cells have obstacle regions which are defined as a pattern following , he wirin. direction of 
the aforementioned diagonal wiring grids and in which wiring cannot be done. 

[Claim 6) The semiconductor integrated circuit apparatus described in any of Claims 1 thrnnoh 

wn „: c , racie r zed 7 ,he fact ,te * pm ° fu * •*« °^oJ^Zziir 

wtnng layets ,s configured a s power supply wiring f„ r supp , ying powe ,. 

[Claim 7] The semiconductor integrated circuit appuratus described in any of Claims I , hm n 
6 which ,s characterized by the fact that [a] , he aforementioned plurality orLTZL 8 
cells consisting of the aforementioned plurality of unit elements ^ 
b] said cell., are .supplied clock signals through tree-shaped wiring paths and 
cj satd tree-shaped wiring path, are formed by combining mi , wiring pa'tte „, which are , „ 
y connecting, through the wiring of [one of] the aforementioned standa^l le , 7 

dtagonal wiring layer, which form upper wiring grids by ^ZllZX^*™*" 
/'.I. layer wiring mal „ each 0 ,„ cr J d « » ^ and the 

■agonal wtring grids or the 0,2)* layer wiring a, an angle of 45V 7 3 ■> 
lb] the line pitch between the wiring lines of the resnentiv, l-,v.™ „r ., ' 
« a, -12 times the line pitch be^n the ^^1^ ^ " 
afo_d diagonal wiring ,aye,,s or the line pitch of the wiring J? ^ layer 

layers or the wiring „ JZ2£^Xg* ^""^ 
g .oha, wiring which "*» 
■ban the rf^L^^^^^ " W 

sr* i^tssr appara r , described c,aim 9 - a - 
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aforementioned diagonal wiring layers in cases where direct connection to the aforementioned 
global wiring is required. 

[Claim 12] The semiconductor integrated circuit apparatus described in any of Claims 1 through 

1 1 , which is characterized by the fact that [a] the aforementioned semiconductor integrated 
circuit apparatus further comprises flip-flop circuits and a PLL (Phase Locked Loop) which is 
positioned in the corner of the chip, [b] said flip-flop circuits are supplied a clock signal through 
tree-shaped wiring paths, and [c] said tree-shaped wiring paths are connected using the wiring of 
the aforementioned diagonal wiring layers from said PLL to the central region of the chip, and 
are connected from the aforementioned central region of the chip to the aforementioned flip-flop 
circuits in a hierarchical structure via buffer cells, so that the RC product is balanced. 

[Claim 13] The semiconductor integrated circuit apparatus described in any of Claims 1 through 

12, which is characterized by the fact that the aforementioned semiconductor integrated circuit 
apparatus further comprises SRAM circuits which use wiring of the aforementioned standard 
wiring layers for their internal wiring, and 

the wiring passing over said SRAM circuits is wired on 3 the aforementioned diagonal wiring 
layers. 

[Claim 14] The semiconductor integrated circuit apparatus described in any of Claims 1 through 

13, which is characterized by the fact that the aforementioned standard wiring layers are 
composed of three layers, and 

the first layer wiring and third layer wiring of the aforementioned standard wiring layers are laid 
out in a direction parallel to the cell rows which consist of rows of logic cells made up of the 
aforementioned unit elements. 

[Claim 15] The semiconductor integrated circuit [apparatus] described in any of Claims 1 
through 13, which is characterized by the fact that the aforementioned standard wiring layers are 
composed of two layers. 

[Claim 16] A semiconductor integrated circuit wiring method for wiring the elements of a 
semiconductor integrated circuit; 

said semiconductor integrated circuit wiring method being characterized by the fact that it 
includes 

a step of forming standard wiring layers in the X-Y direction comprising m layers (/n>2) of 
wiring in which the nth layer (n>2) wiring and the (/?-l)th layer wiring cross each other 
perpendicularly, and 

a step of forming diagonal wiring layers which comprise the (m+l)th layer wiring and the 
(m+2)th layer wiring that cross each other perpendicularly, which cross the aforementioned 
standard wiring layers at an angle of 45° or 135°, in which the line pitch between the wiring lines 
of the (/7?+l)th layer and between the wiring lines of the (m+2)th layer is set at V2 times the line 

* Wording unclear in llic original - Translator. 
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p ich between the wiring lines of the respective layers of the aforementioned standard whin* 
layers, and ,„ wh.ch the wiring line width of the (,„ + ,)th layer wiring and the („, + 9) lh , ay er C 
winijg „ set at V 2 times the wiring line width of the respective layers of the Jor^LZZ 
standard wiring layers. ' " 



[Claim 17] The semiconductor integrated circuit wiring method described in Claim 16 which is 
;tm~„r ftCt af0reraemi °" ed ~ - *™ *a„ wirin , I mTd 

a step of extracting from wiring nets formed by the aforementioned standard wirin. layers fanvl 
wtnng netf.s] winch generate]*] a delay exceeding the specified delay time and " 

which VTP * ,f 8 " a '- araplifyinS bUffe ' '» » P"*" over said ex'tracted wirin* netfs, in 
wind, tins bdffer cell can he connected to the wiring of the aforementioned diagonal wi™! 

[Claim IS] The semiconductor integrated circuit wiring method described in Claim 16 or 1 7 
winch ,s c aracerized by the fact that the aforementioned semiconductor intej L 
wiring method further includes plated enemt 

a step of defining cells which are made up of the aforementioned plurality of unit elements ,„H 

a step of defining in staid cells on obstacle region where wirina cannot h Z 

follows the wiring d irec,ion of the aforementioned diagonal wiri^C ' **** «** 

[Claim 19] The semiconductor integrated circuit wiring method described in Claim IS whH • 
c aractenzed by the fact that, i„ lhc aforementioned step of defining „ ^™ ' " 

Wi "" 8 - * — out neat 

circuit wiring method further includes '^ntenhoned semiconductor integrated 

a step of replacing a specified portion of one of two parallel wirina lines in ,h. 
(among wiring lines of any of.be aforementioned „ layers of tZ " T T 
wiring layers, with wiring of [oBe of] the ,f mmn JZ^2Z^s , 
one of the aforementioned two wiring lines induces noise in the othet w^^e 

^L^rrri^rr wi,ins meihod *«*- <» «« *>. •** - 

further includes " f °'— -ned .semiconductor integrated circuit wiring method 

[Claim 22] A cell layout meihod for layin* out cells in n c„ m ;™ ^ . 
saidcell layon, method being 

a step of forming standard wiring , aye ,, in the X-Y direction comprising „, laycrs (mi2) of 
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wiring in which the mh layer (n>2) wiring and the (/?-l)th layer wiring cross each other 
perpendicularly, 

a step of forming diagonal wiring layers which comprise the (w+l)th layer wiring and the 
(///+2)th layer wiring that cross each other perpendicularly, which cross the aforementioned 
standard wiring layers at an angle of 45° or 135°, and in which the line pitch between the wiring 
lines of the (/7?+l)th layer and between the wiring lines of the (m+2)th layer is set at V2 times the 
line pitch between the wiring lines of the respective layers of the aforementioned standard wiring 
layers, and 

a step of laying out cells comprising a plurality of unit elements according to a specified cutting 
method which uses X-Y direction cut lines corresponding to the wiring direction of the 
aforementioned standard wiring layers and diagonal-direction cut lines corresponding to the 
wiring direction of the aforementioned diagonal wiring layers. 

[Claim 23] The semiconductor integrated circuit wiring method described in any of Claims 16 
through 22 [sic] which is characterized by the fact that the aforementioned semiconductor 
integrated circuit wiring method further includes 

a step of establishing first paths formed by bringing close to each other wiring lines of the 
aforementioned diagonal wiring layers from points 1 and 2, 

a step of establishing second paths formed by bringing close to each other wiring lines of the 
aforementioned diagonal wiring layers from points 3 and 4, 

a step of forming unit wiring patterns which are configured by connecting the aforementioned 
first paths and the aforementioned second paths by means of the wiring of [one of] the 
aforementioned standard wiring layers, and 

a step of forming tree-shaped wiring paths, which supply clock signals to cells made up of the 
aforementioned plurality of unit elements, by combining the aforementioned unit wiring patterns. 

[Claim 24] A semiconductor integrated circuit wiring method for wiring elements of 
semiconductor integrated circuits; 

said semiconductor integrated circuit wiring method being characterized by the fact that it 
includes 

a step of forming standard wiring layers in the X-Y direction comprising m layers {m>2) of 
wiring in which the /7th layer (n>2) wiring and the (/7-l)th layer wiring cross each other 
perpendicularly, 

a step of forming diagonal wiring layers which comprise the (/;/+] )th layer wiring and the 
(/;?+2)th layer wiring that cross each other perpendicularly, which cross the aforementioned 
standard wiring layers at an angle of 45° or 135°, and in which the line pitch between the wiring 
lines of the (m+l)th layer and between the wiring lines of the (m+2)th layer is set at V2 times the 
line pitch between the wiring lines of the respective layers of the aforementioned standard wiring 
layers, 

a step of making connections from a PLL (Phase Locked Loop) located in the corner of the chip 
to the central region of the chip using the wiring of the aforementioned diagonal wiring layers, 
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and 



a -step of making hierarchical connections from the aforementioned central region of the chip to 
the aforementioned [sic] flip-flop circuits in the aforementioned chip via buffer cells, so tfj rh, 
k<— product is balanced. 

[Claim 25] A semiconductor integrated circuit wiring method for wiring elements of 
semiconductor integrated circuits; 

said semiconductor integrated circuit wiring method being characterized by the fact that it 
includes 

a step of forming standard wiring layers in the X-Y direction comprising m layers (m>0) of 
w.nng ,„ which the nth layer (n>2) wiring and the („- 1 )th layer wiring cross each other 
perpendicularly, 

a step of forming diagonal wiring layers which comprise the (,„ + l )th layer wirin- and the 
(*» + 2)th layer wiring that cross each other perpendicularly, which cross the aforementioned 
standard w.rmg layers a. an angle of 45° or 135°, and in which the line pitch between the wirin* 
lines of Jhe (. + l)th layer and between the wiring lines of the (jH+2 )lh layer is set at T>2 the 
hne pnch between the wiring lines of the respective layers of the aforementioned standard wirmg 

a step of forming SRAM circuits which use wiring of the aforementioned standard wirin, lavers 
ioi their internal wiring, and • * - 

a rstep of forming on the aforementioned diagonal wiring layers U,e wiring thai passes over the 
aforementioned SRAM ciccuils. ' 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of !he rnvettlion) The present invemion relates to a .semiconductor interned 
ctrcnt. apparatus, semiconductor integrated circuit wiring methods and a cell layou ^ 
vhrch mvo ve muhi-layer wiring .structures. ,„ particular, i, relates to semicon o in led 
nouns and .semtconduc.or inlegrated cimui, wiring technology for achievin2 'ci mu ' 

o 1, "7 IT ~' m S ™ iro " d -° r circuit., in w Wc ^Xn 

di^ Z ri^rid 5 " d ' reCli0n Wiri " 8 ** ^ fM ' md ^ ^ consttmting x.r S 
[0002] 

[Prior Art] In the conventional multi-layer wirino struma fnr r sic 4 nft u 

the gate type , a hod was adop J d of b ~ « 

wh,ch crossed perpend.cularly. Specifically, it was a structure in which the firs a e'- 
second layer crossed perpendicularly, the second layer and the third layert^d "* 

1 Transla l< „' S n 0l c: .he term "LSI" is used as a tangible noun. 
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perpendicularly, and, in the same way, the (/?.-! )th layer and the nth layer crossed 
perpendicularly. In a multi-layer wiring structure of this type, in which each layer crossed 
another perpendicularly, in the case of connecting two points in a diagonal direction, it became a 
matter of connecting points which are separated by Euclidean distances. Therefore, the length of 
wiring required was V2 times the direct distance or longer. Consequently, multi-layer wiring 
structures of the perpendicular crossing type resulted in overhead, both in terms of degree of 
integration and delay characteristics. 

[0003] However, when designing LSI wiring on the computer, wiring methods using 
perpendicular coordinates are easier in terms of their algorithms. For this reason, when working 
on computers for wiring design, the above-mentioned overhead was ignored. 

[0004] However, with the progress toward finer circuit structures, the delay component caused 
by the wiring structure has come to influence the overall performance of circuits. Therefore, it 
has become impossible to ignore the overhead resulting from lengthening of the aforementioned 
Wiring length. 

[0005] Specifically, in the first place, the delay component caused by wiring resistance accounts 
for the majority of the critical path delay. Thus, the effect that wiring length has on circuit 
performance has increased. 

[0006] Second, the composition of load capacitance caused by the wiring is such that the 
coupling capacitance between adjacent wiring lines is more of a controlling factor than 
capacitance relative to the substrate. For this reason, the issue of how to reduce the capacitance 
between adjacent wiring lines has become an important factor in increasing circuit performance. 

[0007] Third, mis-operation due to coupling noise caused by coupling capacitance between 
these adjacent wiring lines has become of more concern. Particularly in conventional wiring 
structures in which all wiring lines crossed perpendicularly, in cases where there was a mutual 
effect between adjacent wiring lines running parallel in the same layer, even if the wiring [paths] 
were changed to another wiring layer, the lines would still be running parallel above and below. 
For this reason, reducing the coupling capacitance between wiring lines running parallel in the 
same layer is difficult. 

[0008] In relation to multi-layer wiring structures of the type in which lines cross 
perpendicularly, wiring techniques have been proposed which, in addition to [having] the 
perpendicularly crossing wiring structure, use wiring in a diagonal direction (45° or 135°) to 
shorten wiring lengths. For example, Japanese Patent Application Kokai No. H5- 102305, 
"Automatic layout method for semiconductor integrated circuit," discloses this diagonal- 
direction wiring technique. [Herejlfiis prior art is described. 

[0009] Figure 28 is a layout diagram which shows the wiring grid structure of a semiconductor 
integrated circuit apparatus based on prior art utilizing such diagonal-direction wiring. 
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[0010] This wiring structure is a structure in which diagonal-direction wiring grids are formed 
as separate layers above layers forming perpendicular coordinates. 401 in Figure 28 is the wirin- 
gnd of a first layer, and as a layer above it, the wiring grid of a second layer 40? is 
perpendicularly formed. Additionally, formed above these layers are the wiring grid of a third 
ayer 403 Wlth a 45° diagonal direction relative to the first layer 401 , and the wi^ -rid of a 
fourth layer 404 with a 135° diagonal direction relative to the first layer 401. 

Z2 r"r ver ' lhi : r r m niuhMayer wiring tec,ino, °^ t^***™ ^ 

nas the loliowing problems: ° 

[00 1 2] ( I ) With prior an multi-layer wiring structures, because they simply provide wirino 
gnds ,„ the dtagona, direction, there is the problem that the grid points can Z, Speci 1 as 
shown ,„ F.gure 29, the grid point of the firs, layer 40, and the second layer 402 rs 50 e 
he g„ pom, of the third layer 403 and the fourth layer 404 is 502, When a via hole from ,h= 
urth layer 4 4 ,„ the third layer 403 is placed in this case, i, is posihoned a, the grid o « 
Meanwh.le, when a v.. hole from the third layer 403 to the .second layer 402 is placed i, is " 

ZZT, "T" f" H ° WCVer ' W " e " Sdd P° ims 502 «* »' - nearb i, is 
not possible ,„ p, ace ,„ e via hole , For , m , ^ . K " 

another pos.rion. Thus, wiring design becomes complicated due to .shifting of grid poms 
between , he strata of the upper-layer diagonal wiring grids (i.e., the third layer 403 and c fourth 
layer 404, and the lower-layer X-Y wiring grids (i.e., the fins, layer 40, and ,he,eco nd tyer 

[0013] (2) The resistance of the diagonal wiring layer., of the upper layer i.s similar ,o tin, of ,hn 
wtnng layers of the lower layer. For this reason, even by using diagona, wirinv I s i e ^ 
upper layer, RC delay originating in the wiring i.s no, reduced Here RC delav i. Ho, T 
the resistance component R and the capacitance component C. Therefore even us'ln^diaao^ 1° 
wnntg grids in the upper layer, i, is no, possible ,o crea.e a wiring ^^^L 
global wiring connecting Jong distances. t0T 

£. above X-V direction wiring ^ £^^££££22. 

Paten. Apphcat.on Koka, No. H7-864 14, "Semiconductor device." However bee use ! 
ar does no, use a configuration which simultaneously makes wiring to w d * „ d " P °' 
reduce ,he aforementioned wiring ,i„ e re s,s,n„ce. Fu«hern,ore, beca " tfc ll ' " Ca "" 0 ' 
capac,,a„ce of adjacen, wiring is „o, reduced, i, is „ 0 , possible ,o reduce , R^ y of ,he 
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[0015] (4) The shape of via holes in the prior art is defined as a rectangular shape. However, in 
cases of connecting wiring lines other than those which intersect each other perpendicularly — in 
other words, in cases of connecting wiring lines which intersect diagonally — using rectangular 
via holes, it is not possible to ensure sufficient surface area for the cut. Consequently, the 
resistance to electro-migration phenomena which cause wiring failure is inadequate. 

[0016] (5) The relationship between the definition of cell rows formed by laying out logic cells 
in a row pattern and the definition of diagonal wiring grids is not clear. For this reason, it is 
evident thai, for example, in the case where two wiring layers which cross perpendicularly and 
two diagonal wiring layers — for a total of four wiring layers — are defined, wiring resources 
positioned parallel to cell rows are inadequate. Concerning this point, a technology which solves 
the aforementioned problem of lack of wiring resources by defining two diagonal-direction 
wiring layers on top of three wiring layers that intersect perpendicularly is disclosed in Japanese 
Patent Application Kokai No. H5-243379, "Semiconductor integrated circuit apparatus." 
However, this technology requires five wiring layers and thus leads to the problem of increased 
cost 

[0017] (6) Within the same wiring layer, it is not possible to reduce crosstalk noise which 
causes mis-operation of circuits. In prior-art wiring structures comprising diagonal wiring grids, 
there are no cases of layering on top of one another wiring layers having the same wiring 
direction. Therefore, the coupling capacitance between wiring lines of the upper and lower 
wiring layers is reduced; consequently, the problem of crosstalk noise between upper and lower 
wiring lines is solved. Within the same wiring layer, however, different wiring lines are laid 
parallel [to each other], so that coupling capacitance between adjacent wiring lines cannot be 
reduced. Specifically, with the conventional diagonal wiring grid technology, it is not possible 
to remove the crosstalk noise which occurs between two wiring lines running parallel within the 
same wiring layer. 

[001 8] (7) To provide wiring for power supply, the conventional diagonal wiring grids are 
inadequate. For example, in cases where a pad is configured in the core area of a chip which 
makes up a combination circuit, it is possible to use a part of this pad for power supply. 
(Incidentally, as opposed to this core area, the peripheral region where the I/Os of the chip are 
laid out is called the "I/O area.") In this case, it is possible to use the upper diagonal wiring grid 
layer as auxiliary wiring for the power supply. In the case of such a structure, the conventional 
diagonal wiring grid structure is a structure which has a wiring line pitch or wiring line width 
unsuitable for configuring wide-width wiring. For that reason, such a structure is not suited to 
the effective utilization of the upper diagonal wiring grid layer for power supply. 

[0019] (8) Because the wiring length of the wiring lines which supply clock [signals] from the 
PLL (Phase Locked Loop) to the flip-flops within the chip is long, delays are increased. 
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0020] To avo,d degradmg >he characteristics of the analog circui.s bail, into the chip ,„e PLL 

nop. Because of th,s, even ,n the shortest case, it is necessary to ran wirino with n lenarh of 
a mos, half the perrnacrer of the chip. Co„se qU e„ tly , a,o» s Jth an inc 2 ,„ ell e • a 
negattve , rap ac, on the duty ratio of the clock due to the increase in the nnntber of buffer "ages. 

I 0 ™ <9> ° f mem °' y drcUi ' S SUch " S SRAMs ' ,he ™"S which passes over such 

■To h r rCU ' K rr"" C0UP ' inS " 0iSe bC,WeC " "* Wiri "» «•» >he n, rao'a d 
" h lh ■ W H " aSS ° Ver ' hOT ' nCSatiVe,y " Wf ~- Therefore these 

wntng. Thete as one pnor art technology for shielding these "through lines" which pa s°over 
memory ccuus. With this technology, however, ye, another layer rs necessary to ah e,H , 
wrrtng lines. Consequently, circuit configuration becomes comp ex.' uZI • re i 
anot er pr.or art which uses these "through lines" that pass over memory 
ampbtudc atgnals. However, the integrated circuits to which this technology is ^ m 

[0022] 

[Problems to Be Solved by the Invention) The present invention was devised to solve the 
aforementioned problems of the prior art. 

Ssssfesssssssssu 

[0024] 

[Means of Solving the Problems) A special feature of the present invention is the fact that a 
seratconductor tntegrated circuit apparatus is provided which is characterized i h , „ 
apparatus) comprises [ij a semiconductor region in which a nluraliZ a , W 1 
m standard wiring layer, which nre l^'^Tj^^^Z^^ 

ttmes the hue p„ch betsveen the wi ring „ n£s of , hc respcctive ^ „ f 
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standard wiring layers; and [c] the wiring line width of the (/?i+l)th layer and the wiring line 
width of the aforementioned (///+2)th layer of the aforementioned diagonal wiring layers are set 
at V2 times the wiring line width of the respective layers of the aforementioned standard wiring 
layers. 

[0025] Furthermore, another special feature of the present invention is the fact that the wiring 
film thickness of the aforementioned diagonal wiring layers is set at ^2 times the wiring film 
thickness of the aforementioned standard wiring grids. 

[0026] Furthermore, another special feature of the present invention is the fact that [a] the 
aforementioned standard wiring layers and the aforementioned diagonal wiring layers form 
wiring channel regions, and [b] said wiring channel regions are formed in a direction parallel to 
the cell rows which consist of rows of logic cells made up of the aforementioned unit elements. 

[0027] Moreover, another special feature of the present invention is the fact that [a] via holes for 
wiring connection are provided at the intersections of the wiring of the aforementioned standard 
wiring layers and the wiring of the aforementioned diagonal wiring layers, and [b] the cross- 
sectional shape of these via holes is a hexagon, octagon, or parallelogram. 

[0028] Furthermore, another special feature of the present invention is the fact that [a] the 
aforementioned plurality of unit elements form cells, and [b] said cells have obstacle regions 
which are defined as a pattern following the wiring direction of the aforementioned diagonal 
wiring grids and in which wiring cannot be done. 

[0029] Moreover, another special feature of the present invention is the fact that a part of the 
wiring of the aforementioned diagonal wiring layers is configured as power supply wiring for 
supplying power. 

[0030] In addition, another special feature of the present invention is the fact that [a] the 
aforementioned plurality of unit elements form cells consisting of the aforementioned plurality of 
unit elements, [b] said cells are supplied clock signals through tree-shaped wiring paths, and [c] 
said tree-shaped wiring paths are formed by combining unit wiring patterns which are formed by 
connecting, through the wiring of [one of] the aforementioned standard wiring layers, [i] a first 
connection made by paths formed by bringing close to each other wiring lines of the 
aforementioned diagonal wiring layers from points 1 and 2, and [ii] a second connection made by 
paths formed by bringing close to each other wiring lines of the aforementioned diagonal wiring 
layers from points 3 and 4. 

[0031] Furthermore, another special feature of the present invention is the fact that [a] the 
aforementioned semiconductor integrated circuit apparatus further comprises upper wiring layers 
which are positioned above the aforementioned diagonal wiring layers, which form upper wiring 
grids by the (p-l)th layer (p>2) wiring and the plh layer wiring that cross each other 
perpendicularly, and which cross the aforementioned diagonal wiring grids or the (/>2)th layer 
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wiring at an angle of 45°or J 35°, [b] the line pitch between the wiring lines of the respective 
layers of said upper wiring layers is set at V2 times the line pitch between the wiring lines of the 
respective layers of the aforementioned diagonal wiring layers or the line pitch of the wiring 
lines of said (/>2)th layer wiring, and [c] the wiring line width of the respective layers of said 
upper wiring layers is set at V2 times the wiring line width of the wiring of the respective layers 
of the aforementioned diagonal wiring layers or the wiring line width of said (p-2)th layer 
wiring. 

[0032] Furthermore, another special feature of the present invention is the fact that the 
aforementioned diagonal wiring layers comprise global wiring which extends across essentially 
the entire chip. 

[0033] Moreover, another special feature of the present invention is the fact that in the 
aforementioned standard wiring layers, local wiring other than the aforementioned global wirin* 
is used. / c 

[0034] Moreover, another special feature of the present invention is the fact that [a] the 
aforementioned plurality of unit elements form cells, and [b] said cells have an output terminal 
pattern which allows direct connection to the wiring of the aforementioned diagonal wirin* 
layers in cases where direct connection (o the aforementioned global wiring is required. ° 

[0035] In addition, another special feature of the present invention is the fact that [a] the 
aforementioned semiconductor integrated circuit apparatus further comprises flip-flop circuits 
and a PLL (Phase Locked Loop) which is positioned in the corner of the chip, [b] said flip-flop 
circuits are supplied a clock signal through tree-shaped wiring paths, and [c] said tree-shaped 
wiring paths are connected using the wiring of the aforementioned diagonal wiring layers from 
said PLL to the central region of the chip, and are connected from the aforementioned central 
region of the chip to the aforementioned flip-flop circuits in a hierarchical structure via buffer 
cells, so that the RC product is balanced. 

[0036] Moreover, another special feature of the present invention is the fact that [a] the 
aforementioned semiconductor integrated circuit apparatus further comprises SRAM circuits 
which use wiring of the aforementioned standard wiring layers for their internal wirin* and [b] 
the w,nng passing over said SRAM circuits is wired on 5 the aforementioned diagonal wiring 

[0037] Moreover, another special feature of the present invention is the fact that [a] the 
aforementioned standard wiring layers are composed of three layers, and [b] the first layer winn* 
and ird layer wiring of the aforementioned standard w.ring layers are laid out in a direction ° 
eTmen s° ^ ^ C ° nSiSl °' ^ ° f ,0 * ic Ce,ls made U P of *e aforementioned unit 



5 Wording unclear in the original - Translator. 
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[0038] Furthermore, another special feature of the present invention is the fact that the 
aforementioned standard wiring layers are composed of two layers. 

[0039] Likewise, another special feature of the present invention is the fact that it provides a 
semiconductor integrated circuit wiring method for wiring the elements of a semiconductor 
integrated circuit; said semiconductor integrated circuit wiring method being characterized in 
that it includes [a] a step of forming standard wiring layers in the X-Y direction comprising m 
layers (m>2) of wiring in which the mil layer (;i>2) wiring and the (;?-l)th layer wiring cross 
each other perpendicularly, and [b] a step of forming diagonal wiring layers [i] which comprise 
the (/?7+l)th layer wiring and the (wi+2)th layer wiring that cross each other perpendicularly, [ii] 
which cross the aforementioned standard wiring grids at an angle of 45° or 135°, [iii] in which 
the line pitch between the wiring lines of the (/;?+! )th layer and between the wiring lines of the 
(/?/+2)th layer is set at V2 times the line pilch between the wiring lines of the respective layers of 
the aforementioned standard wiring layers, and [iv] in which the wiring line width of the (wH-l)th 
layer wiring and the (iw+2)th layer wiring is set at V2 times the wiring line width of the 
respective layers of the aforementioned standard wiring layers. 

[0040] Moreover, another special feature of the present invention is the fact that the 
aforementioned semiconductor integrated circuit wiring method further includes [a] a step of 
extracting from wiring nets formed by the aforementioned standard wiring layers [any] wiring 
net(s) which generate(s) a delay exceeding the specified delay time, and [b] a step of inserting a 
signal-amplifying buffer cell in a position over said extracted wiring net(s) in which this buffer 
cell can be connected to the wiring of the aforementioned diagonal wiring layers. 

[0041] Furthermore, another special feature of the present invention is the fact that the 
aforementioned semiconductor integrated circuit wiring method further includes [a] a step of 
defining cells which are made up of the aforementioned plurality of unit elements, and [b] a step 
of defining in said cells an obstacle region where wiring cannot be done as a pattern which 
follows the wiring direction of the aforementioned diagonal wiring layers. 

[0042] Furthermore, another special feature of the present invention is the fact that in the 
aforementioned step of defining an obstacle region, the aforementioned (w+l)th layer wiring or 
the aforementioned (m+2)th layer wiring is laid out near the corners of that region. 

[0043] Moreover, another special feature of the present invention is the fact that the 
aforementioned semiconductor integrated circuit wiring method further includes a step of 
replacing a specified portion of one of two parallel wiring lines in the same layer (among wiring 
lines of any of the aforementioned m layers of the aforementioned standard wiring layers) with 
wiring of [one of] the aforementioned diagonal wiring layers, in cases where one of the 
aforementioned two wiring lines induces noise in the other wiring line. 

[0044] Moreover, another special feature of the present invention is the fact that the 
aforementioned semiconductor integrated circuit wiring method further includes a step of 
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inserting buffer cells in the wiring path of the aforementioned diagonal wiring layer that is used 
as the aforementioned replacement. 

[0045] Likewise, another special feature of the present invention is the fact that it provides a ceil 
layout method for laying out cells in a semiconductor integrated circuit; said cell layout method 
being characterized in that it includes [a] a step of forming standard wiring layers in the X Y 
direction comprising m layers (,n>2) of wiring in which the nth layer (n>2) wirin* and the 
(n-I)th layer wiring cross each other perpendicularly, [b] a step of forming diagonal wirino 
layers [i] which comprise the ( m+ l )th layer wiring and the (,„ + 2)th layer wiring that cross each 
other peipendicularly, [ii] which cross the aforementioned standard wiring layers at an ane.e of 
45 o. 135 , and [in] ,„ which the line pitch between the wiring lines of the ( W+ l)th layered 
between the wiring lines of the („ ?+ 2)th layer is set at V 2 times the line pitch between the wirino 
hnes of the respective layers of the aforementioned standard wiring layers, and [c] a step of " 
laying out cells comprising a plurality of unit elements according to a specified cuttin* Lthod 
which uses X-Y direction cut lines corresponding to the wiring direction of the aforementioned 
standard wring layers and diagonal-direction cut lines corresponding to the wiring direction of 
the aforementioned diagonal wiring layers. direction of 

[0046] Moreover, another special feature of the present invention is the fact that the 
aforementioned semiconductor integrated circuit wiring method further includes [a] a step of 
s ablis ing first paths formed by bringing Cose to each other wiring lines of the 

diagonal wiring layers from points 1 and 2, [b] a step of establishing second paths formed 
ringing close to each other wiring lines of the aforementioned diagonal wiring girds feom points 
and 4, [c] a step of forming unit wiring patterns which are configured by connecting he 
forementioned fust paths and the aforementioned second paths by means of the wirfn of [one 
f] the aforementioned standard wiring layers, and [d] a step of forming tree-shaped wfrin* 

l aths, which supply clock signals to cells made up of the aforementioned plurality of 

elements, by combining the aforementioned unit wiring patterns. 

[0047] In addition, another special feature of the present invention is the fact that it provides , 

semiconductor integrated circuit wiring method for wiring the elements of semico u to 

» egrate c , cu t said serniconductor integrated circuit wiring method being « ed in 

^2 oV al 3 StCP °V° rming Wiring ,3yerS in the X ~ Y di -tfen com" 

ayers ( n>2) of wiring ,n which the ,zth layer (n>2) wiring and the (, M )th layer wirino cros°s 

fr*H*h layer wiring and the Cm + 2)th layer wiring that cross each other peipendicularly HI 
which cross the aforementioned standard wiring layers at an anofe of 45° o 1 35 2 r 

PLL (Phase Locked Loop) located in the a^'J^Z^ " ^ ^ 
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the wiring of the aforementioned diagonal wiring layers, and [d] a step of making hierarchical 
connections from the aforementioned central region of the chip to the aforementioned [sic] flip- 
flop circuits in the aforementioned chip via buffer cells, so that the RC product is balanced. 

[0048] Furthermore, another special feature of the present invention is the fact that it provides a 
semiconductor integrated circuit wiring method for wiring elements of semiconductor integrated 
circuits; said semiconductor integrated circuit wiring method being characterized in that it 
includes [a] a step of forming standard wiring layers in the X-Y direction comprising m layers 
(m>2) of wiring in which the nth layer (//>2) wiring and the (//-l)th layer wiring cross each other 
perpendicularly, [b] a step of forming diagonal wiring layers which comprise the (;?/+l)th layer 
wiring and the (/?/+2)th layer wiring that cross each other perpendicularly, which cross the 
aforementioned standard wiring layers at an angle of 45° or 135°, and in which the line pitch 
between the wiring lines of the (//*+l)th layer and between the wiring lines of the (///+2)th layer 
is set at V2 times the line pitch between the wiring lines of the respective layers of the 
aforementioned standard wiring layers, [c] a step of forming SRAM circuits which use wiring of 
the aforementioned standard wiring layers for their internal wiring, and [d] a step of forming on 
the aforementioned diagonal wiring layers the wiring that passes over the aforementioned SRAM 
circuits. 

[0049] 

[Working Configurations of the Invention] Below, working configurations of the semiconductor 
integrated circuit and semiconductor integrated circuit wiring methods of the present invention 
are described in detail with reference to the attached figures. 

[0050] First Working Configuration 

In the first working configuration, above standard wiring grids [consisting] of a first layer and a 
second layer that cross each other perpendicularly, diagonal wiring grids are provided which 
cross these standard wiring grids at an angle of 45° or 135° and which are formed by a third layer 
wiring and a fourth layer wiring that cross each other perpendicularly. The line pitch between 
the wiring lines of the third layer and between the wiring lines of the fourth layer as well as the 
line width of these diagonal wiring grids are set at ^2 times the line pitch of the wiring lines of 
the standard wiring grids. As a result, in this working configuration, the line length is shortened, 
RC delays are reduced, and noise resistance is improved. 

[0051] Figure 1 is a layout diagram which shows the wiring grid structure of a semiconductor 
integrated circuit apparatus according to the first working configuration of the present invention. 
Figure 2 is a plan view which shows one example of a wiring structure for the case of 
implementing wiring based on a wiring grid structure such as that shown in Figure 1. In 
addition, Figure 3 is a cross-sectional view along line A-A in Figure 2. 6 



r> Translator's nole: The original erroneously reads "Figure 4." 
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005 ] As the conventtonal technology of Figure 28, the wiring structure of the first work™, 
conftgurafton comprises wiring grids in which the wiring of the firs, layer and the second lay / 
crosses each other perpendicularly, and in which the wiring of the third la ., cr md ,4 Z, v 
crosses each other perpendicularly, as shown i„ Figure , . Specific I y Z^^ZZ' 
so that the third .aye, and the fourth layer cross the firs, layer a, 45" and 1 35« respXly 

[0053] 1 in Figure 1 is the wiring grid of the fits, layer, and, formed as the layer above i, and 
rossmg , t petpendicularly, is a wiring grid 2 of the second layer. Moreover, wilg J d „f 
the thtrd layer whtch ,s a. a 45» diagonal direction in relation to the wiring grid , of t "uL 
and a wtrtng g„d 4 of the fourth layer which is a, a 1 35" diagonal direction „ re a to 2 " 
wtnng grtd I of the first layer are positioned in sequence. 

[0054] Here, the firs, working configuration is such tha, the line pitch between the win,,,, ,; ne . 
o the thtr layer wtrmg 3 and between the wiring „„cs of the fourth layer wirin. 4 Z h o 
tch are latd ou, in the diagonal direction, is set wider than [the line pitch, he ween wL 

conctetc terms, the hne pitch between the wiring lines of the third laver wirin. i Tk " 
wiring hues of the four,,, layer wiring 4 i s se, a, V 2 times t ,,e £ X^^T. 
imes of ,he firs, layer wiring I and between the wiring hues of the second layer 2 ^ 

S C0 °7 Ue " t , ly ' be ' Ween thc s " « ° f "PPW-layer diagonal wiring grids' (the third 
layct 3 and fourth Iayer4 and the lower-layer X-Y wirina orirk» r,h. r , , , 
layer 2,, .shifting of grid points can he avoided. A,I t °i „ , 7' ^ ' "? "«* 
d=s,gn. Specifically, via holes between the second It, d , Z l ™" S 
■he grid intersections of the fins, layer and the second ^ .1^ o uTlT " 
grtds m the wiring of the firs, layer or the second layer. aCljaCC ' :1 

[0056] In addilion, in the first working configuration, with the line nitch . 1 , „ 

wtdth of the third layer wiring 3 and the fourth layer wiri o 4 „h eh Z jL r 7™* "* 

direction is se, wider than [the wiring line widd/of the firs", te wiri^ ,„d he " T " 

l mi the second layer wi ring 2 i e % d As ! "T* T » ° f "« *» -ring 
■hird layer and the fourth la^r i V2 ttmes as wide , « K P** « the 

not violate any design rule Conseou mlv i! k, PaC '" 8 """"^ byp in Fi « urc 2 «<» 
contradicting „y design ra , c ? q y ' " " """'^ '° "**«" ^ «« «*» «*■»« 
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[0057] In the example shown in Figure 3, the first layer wiring 1 is first laid out in the vertical 
direction, then the second layer wiring 2 is laid out in a direction perpendicular to it. [Then,] in a 
diagonal direction relative to these [layers], the third layer wiring 3 and the fourth layer wiring 4 
are laid out. 12 in the figure is a via hole positioned between the first layer wiring 1 and the 
second layer wiring 2. 13 is a via hole positioned between the second layer wiring 2 and the 
third layer wiring 3. Furthermore, 14 is a via hole positioned between the third layer wiring 3 
and the fourth layer wiring 4. 

[0058] In the first working configuration, assuming the characteristics of the aforementioned 
wiring line pitch and wiring line width, the wiring film thickness of the third layer wiring 3 and 
the fourth layer wiring 4 which are laid out in the diagonal direction is set greater than that of the 
first layer wiring 1 and the second layer wiring 2. In concrete terms, as shown in Figure 3, the 
wiring film thickness of the third layer wiring 3 and the fourth layer wiring 4 is set at V2 times 
the wiring film thickness 10 (t) of the first layer wiring 1 and the second layer wiring 2 (i.e., \'2 9 
t). Furthermore, 10 in Figure 3 is the semiconductor substrate on which transistors are formed, 
and 1 1 is an intcrlayer insulating film. By using the aforementioned structure in which the 
wiring line width and wiring film thickness of the third layer and the fourth layer are set at \'2 
times those of the first layer and the second layer, the cross-sectional area of the wiring lines of 
the third layer wiring and the fourth layer wiring becomes twice the cross-sectional area of [the 
wiring lines of] the first layer wiring and the second layer wiring, as shown by the following 
formula: 

[0059] V2xV2 = 2 

Because of this, the wiring resistance for each unit oflength becomes 1/2 that of the wiring lines 
of the first layer and the second layer. Meanwhile, the area facing the adjacent wiring lines also 
becomes ^2 times greater. However, because the spacing between adjacent wiring lines 
becomes V2 times greater as well, the capacitance between adjacent wiring lines in the third layer 
wiring and the fourth layer wiring is the same as the capacitance between adjacent wiring lines in 
the first layer wiring and the second 1 1 layer wiring. Because the wiring resistance is 1/2 and the 
capacitance between adjacent wiring lines is the same, the RC delay of wiring line per unit of 
length becomes 1/2 that of the wiring lines in the first layer and the second layer. The wiring RC 
delay refers to the delay caused by the resistance component and the capacitance component of 
the wiring. 

[0060] As described above, according to the first working configuration, the line pitch between 
the wiring lines of the third layer wiring and between those of the fourth layer wiring is set at V2 
times the line pitch between the wiring lines of the first layer wiring and between those of the 
second layer wiring. As a result, it is possible to avoid the shifting of the grid points between the 



Translator's note: the original erroneously reads "the wiring line width." 
11 Translator's note: the original erroneously reads "first." 
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^li^Xr* wirins 8rids and the ,ower - ,ayer standard »™* - - 

[0061] Furthermore, hp.cfliKJp ihp u/Jrinr. j. u . /. . 

F . . ' e '6 l>ne is aiso set at vz times greater the RC del™ 

™tT 8 Rc d e 'IT Moreovcr ' because ,he wirins filra thick "- is * « « v 1 

greater, .he RC delay of the wmng can be even further reduced. As a result a meat eff,,, e, k 
ohtarned from the standpoint of increasing the operating speed ofcircu^ * 

[0062] Second Working Configuration 

«r^oZl- COnfig : lra,i0 "' in « mulli -'^ *** *™u» using the diagonal wirin. 

gr ds of the ta worktng configuration, repeater cells (buffer cells) are additionally inserted „° 

tz n i:::Z m a workins conf,sura,ion w " ich ™ "* — 

[0063] Figures 4 (a,, (b), (e, and (d) are diagrams showing the process of inserting repeater cells 

vi nod? ; i 0rk ' n8 B COnfiSUra ' i0 ' 1 ' RSUreS 5 W Md W are ^ explaining 
wrnng delay. Us.ug Hgure 4 and Figure 5 for reference, the process of insert™, repeater cells in 
the second workmg configuration is described in concrete terms. P 

[0064] Firs,, by using only the firs, layer and ,he second layer, all of ,he ne,s are wired only with 
he X-Yd, ectton wmng. Next, using a simulator, the delay is analyzed, and any „e,s that are 
c = nmg errota are ex.raced. ,„ regard ,o ,hese extracted nets! the followi™!" is 

[0065] Specifically, for Ihe nets which have caused timin» errors renenre,- e.ll. , 
to the positions where these repeater cells are inserted, the ™X"et 2" ** 
where connections can be made ,o wiring ,„ lhc diagonai J££ ^ » ^ ' — 
^fourth layer. The wiring ,en glh can be shortened with the use of L thu d^ X ZL 

SthL » "T" 1 ' SU T Se tlMt " ' iming OTOr te 0ccurred " a « « *>w„ in Fieure 4 (d) 
tor this net, as shown in Figures 4 (a) (b) and (c) fhree HnHc ~f • • ( 
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and the cell 22 which performs signal inputting. Comparing the examples of Figure 4 (a) and 
Figure 4 (b), the delay between the cell 21 and the repeater cell 20 is less with the example of 
Figure 4 (b) than with the example of Figure 4 (a). In contrast, the delay between the repeater 
cell 20 and the cell 22 is less with the example of Figure 4 (a) than with the example of Figure 4 
(b). As to which example reduces the actual delay, it depends on the transistor size in the cell 21 
and the repeater cell 20. Consequently, in general, it is necessary to analyze the delays for all of 
the conceivable combinations and to make a final decision as to how to use the insertion position 
and wiring direction of the repeater [cell]. The example of Figure 4 (c), however, clearly has a 
greater delay than the other examples. 

[0068] Concerning wiring line width, according to the Elmore 12 formula for calculating wiring 
delay, the approach of making the wiring line width gradually narrower, [as the line moves 
away] from the signal-outputting cell, shortens the wiring delay. Specifically, the approach of 
first using a broader line width 63 and then transitioning and using a narrower line width 64, as 
shown in Figure 5 (a), results in a shorter wiring delay than the approach shown in Figure 5 (b) 
of first using a narrower line [width] 73 and then transitioning and using a broader line width 74. 

[0069] Because diagonal-direction wiring is times wider than wiring running along the X and 
Y axes, the approach of first using diagonal-direction wiring, then transitioning and using wiring 
in the X or Y direction results in shorter wiring delays than with the approach of first using X- or 
Y-direction wiring and then transitioning and using diagonal-direction wiring. In other words, it 
can be understood that the example of Figure 4 (b) results in a shorter wiring delay than the 
example of Figure 4 (c). 

[0070] Consequently, when using diagonal wiring, the rules for inserting repeater cells can be 
set as follows: 

[0071] (1) Connect the diagonal wiring to the wiring near the signal output terminals. 

(2) . With signal output terminals, connect the diagonal wiring. 

(3) Use diagonal wiring for the wiring near the signal output terminals of the repeater cell. 

(4) Connect diagonal-direction wiring to the signal output terminals of the repeater cell. 

(5) Position repeater cells in positions where diagonal wiring can be connected to signal output 
terminals. 

[0072] If the above rules are followed, the structure of the repeater cells can be specified as 
follows: 

[0073] (1) Form signal input terminals so that they can be easily connected to the wiring in the 
X-Y direction. Specifically, form the signal input terminals in the first layer. 
(2) In addition, form signal output terminals so that they can be easily connected to the wiring in 
the diagonal direction. Specifically, form the signal output terminals in the third layer. 

12 Spelling uncertain - Translator. 
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0074] As described above, according to the second working configuration, in order to prevent 
the generation of timing errors due to wiring delays, when repeater cells are inserted in the 
wiring nets to relay and amplify a signal, diagonal wiring grids are used, and repeater cells are 
inserted in positions where they can be connected to these diagonal wiring grids Therefore the 
repeat «!„ can 5e inserted under the optimum ^ ^ £ he 

further reduction of wiring delay is possible. & & 

[0075] Third Working Configuration 

The third working configuration is a working configuration which, in a multi-layer wirin* 
structure using the diagonal wiring grids of the aforementioned working configurations resolves 
he lack of wiring resources in the direction of the cell row by providing a wirin* channe in 
direction parallel to the cell row. ° " J 

[0076] Figure 6 is a layout diagram showing a semiconductor integrated circuit structure 
according to the third working configuration of the present invention. 

[0077] The semiconductor integrated circuit of Figure 6 has a plurality of cell rows 80 formed 
by placing logic cells in a row pattern. Above this plurality of cell rows 80, m^aye, w is 
formed having diagonal wiring grids shown in Figure 1 . Y § 

[0078] In concrete terms, 1 in Figure 6 is the metal wiring of the first laver 2 i« ,h„ m , . • • 

of the second layer, 3 is the meta, wiring of the third ^ and ^ ' ^ ^ = 

layc. „ tneconftguratton of Figure 6, a wiring channe. 85 whieh is for ra ed by each of he me 

wiring I, 2, 3 and 4 is formed in a direchon parallel lo each cell row 80 w r n 

channe, 85 is provided in a direction parallel ,o cell row 80 As I ul , w 

wiring layers [adeouace, wiring resources can he ensured i "te Sd^^T' 

requires relatively more wiring resources. mreclton, which 

[0079] As explained above, through use of the third working configuration the h,t r 
resources in the eel, row direction, whieh requires -VnS^S^f.r 
resolved, and [adequate, wiring resources can be e„s„ re d, ling . ^ZI^V 
[0080] Fourth Working Configuration 

shape of the cut area o the via ^el w c, " c d™ n W ° rkin8 C »«ons, - 

so that the area is no, inadequate S ° na " y "•*« """« U ™ h ™P«>^ 

[008 1 J Figures 7 (a), (b), (e) and (d) are each partial plan views showin. the shape of 
semteonductor integrated ctrcuit via h„,es according to the fourth working ^raln. 
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[0082] In the case of semiconductor integrated circuits according to the fourth working 
configuration, via holes whose longitudinal areas are octagonal, parallelogram-shaped or 
hexagonal are used as shown in Figures 7 (a), (b), (c) or (d) when connecting X-Y direction 
wiring (i.e., the first layer or the second layer) with diagonal-direction wiring (i.e., the third layer 
or the fourth layer) which forms an angle of 45° or 135° with respect to the X-Y direction wiring 
in the multi-layer wiring structures having the diagonal wiring grids shown in Figure 1. By 
using via holes with such cross-sectional shapes, it is possible to make via hole cuts which have 
sufficient cross-sectional areas as required between crossing wiring layers. 

[0083] In the example of Figure 7 (a), an octagonal via hole 90A is formed at the intersection of 
X-Y direction wiring 91 and diagonal-direction wiring 92. In the example of 7 (b), a 
parallelogram-shaped via hole 90B is formed at the intersection of X-Y direction wiring 91 and 
diagonal-direction wiring 92. 

[0084] In the example shown in Figure 7 (b), furthermore, a case can be imagined where [two] 
such via holes are [placed] unusually closed to each other. To prevent this, the hexagonal shapes 
shown in Figure 7 (c) and Figure 7 (d) are provided. In the example of Figure 7 (c), a hexagonal 
via hole 90C is formed at the intersection of X-Y direction wiring 91 and diagonal-direction 
wiring 92. Furthermore, in the example of Figure 7 (d), a hexagonal via hole 90D is formed at 
the intersection of X-Y direction wiring 91 and diagonal-direction wiring 92. 

[0085] As mentioned above, according to the fourth working configuration, the cross-sectional 
shapes of via holes which connect diagonally crossing wiring are octagonal, parallelogram- 
shaped or hexagonal. As a result, sufficient cut areas are ensured for via holes which connect 
diagonally crossing wiring. 

Fifth Working Configuration 

The fifth working configuration is a working configuration which optimally defines wiring 
regions having obstacles in a multi-layer wiring structure using the diagonal wiring grids of the 
aforementioned working configurations. 

[0086] Figures 8 (a) and (b) are diagrams showing cells or mega-cells in semiconductor 
integrated circuits according to the fifth working configuration of the present invention. 

[0087] 101 shown in Figure 8 (a) is [a structure of] cells formed of a plurality of unit elements 
or a mega-cell which combines a plurality of such cells. These cells or this mega-cell 101 is 
divided into effective regions 102 and a transistor region 103 formed by 45° lines 101a in the 
four corners as borders. In the transistor region 103, transistors and cells of lower hierarchy 103a 
are laid out. On the other hand, no transistors or lower-hierarchy cells are laid out in the 
effective regions 102 because they are provided to use the four corners of the cell effectively, for 
example, for the purpose of relieving wiring congestion (described below) occurring in the 
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vicinity of the four corners of the cell. In the descriptions of cells below, the term "cell" includes 
the aforementioned "mega-cell." 

[0088] Furthermore, as shown in Figure 8 (b), for the wiring to be laid out in the transistor 
region 103 of the aforementioned cell 101, it is preferable to use the aforementioned 45° or 135° 
diagonal wiring 113, especially in the vicinity of the four corner lines 101a. 

[0089] In this way, when designing cells or mega-cells, by creating the aforementioned effective 
regions and making a configuration which does not use the four corners, wiring obstacles can be 
defined to be in a form that follows the 45° or 135° diagonal wiring. This point is described 
next. 

[0090] Figures 9 (a) and (b) are diagrams showing examples of obstacles to wiring accords to 
the fifth working configuration. In the example of Figure 9 (a), the regions of obstacles in the 
cell 1 01 arc defined as a collection of small rectangles 1 22. Here, a "region of obstacles" is a 
region for the purpose of defining obstacles to wiring j n wiring design. 

[0091] In the example shown in Figure 9 (b), the obstacle region in the cell 101 is defined by a 
polygon or a collection of them. Specifically, in the example shown in Figure 9 (b) in the case 
where there are two obstacle regions, they are defined by trapezoids 132 and 133 respectively. 

[0092] With the example shown in Figure 9 (a), there is the difficulty in that the amount of daf, 
for CAD design becomes large. With the example shown in Figure 9 (b), in contrast, the 
obstacle region can be defined by a [relatively] small amount of data. 

[0093] Figures 10 (a) and (b) are diagrams showing the effect of the fifth working configuration. 
[0094] In the ordinary X-Y wiring grid model, as shown in Figure 10 (a), the obstacle re-ion 
142 within the cells or mega-cell 141 is defined as a collection of rectangles which cross ° 
perpendicularly. If wiring is performed perpendicularly using these cells or mega-cell 141 the 
degree of congestion of wiring 143 in the areas near the four corners 144 increases and this 
causes the problem that the degree of integration of the chip decreases. 

[0095] On the other hand, if wiring is done using cells and mega-cell 101 built according to the 
method of the aforementioned fifth working configuration, as shown in Figure 10 (b) the 
obstacle region 152 is defined in a configuration that does not use the four corners of the cells or 
mega-cell. This obstacle region 152 can be defined as a shape which follows the diagonal 
wiring. Therefore, the degree of congestion of wiring 153 in the areas 154nearthe ° 
aforementioned four corners can be relieved, and the degree of integration of the chip is 
improved. * 

[0096] As described above, according to the fifth working configuration, in the design of cells or 
mega-cells, the obstacle region is defined by shapes along the diagonal wiring havino a 
configuration in which the four corners of the cells or mega-cell are not used. Consequently the 
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four corners of the cell(s) can be used effectively. Furthermore, the degree of wiring congestion 
in the aforementioned areas near the four corners can be relieved, thus improving the degree of 
integration of the chip. 

[0097] Sixth Working Configuration 

The sixth working configuration is a working configuration which, in a multi-layer wiring 
structure using the diagonal wiring grids of the aforementioned working configurations, controls 
the crosstalk noise which occurs in a case where there is wiring that is laid out parallel in the 
same layer. 

[0098] Figures 1 1 (a), (b), and (c) are diagrams showing the principal elements of a 
semiconductor integrated circuit structure according to the sixth working configuration of the 
present invention. Moreover, for the elements which are in common with those of Figure 6, the 
same symbols have been assigned, and the explanation of them has been omitted. 

[0099] As shown in Figure 1 1 (a), a case is considered in which wiring lines 161 and 162 are 
laid out in parallel in the same layer. In the sixth working configuration, a change in the wiring 
layer is made such that a midsection of one of the wiring lines (for example, the wiring 162) is 
replaced by diagonal-direction wiring 173 and/or 174 which forms a 45° or 135° angle with said 
wiring 162, as shown in Figure 1 1 (b). By replacing this wiring, the distance that two wiring 
lines of the same layer run parallel is shortened, so that the generation of crosstalk noise can be 
controlled. 

[0100] Furthermore, suppose that, of the parallel wiring 161 and 162, the wiring 161, for 
example, generates the noise and that the wiring 162 receives the noise. When changing the 
wiring 162 with the aforementioned diagonal-direction wiring 173 and/or 174, one or more 
buffer cells 183 are inserted on the diagonal-direction wiring 173 and/or 174. 

[0101] By inserting buffer cell(s) in the diagonal-direction wiring path in this way, it is possible 
to completely prevent noise propagation. For example, if the length of the parallel run is limited 
so that the voltage level of crosstalk noise generated between two wiring lines that are laid out 
parallel in the same layer does not exceed the theoretical threshold of the aforementioned buffer 
cell(s) 183 inserted for noise cancellation, then complete suppression of noise is possible. 

[0102] As described above, with the sixth working configuration, a change in wiring layer is 
made so that the midsection of one of the wiring lines laid out in parallel in the same layer is 
replaced by diagonal-direction wiring. Furthermore, buffer cell(s) are inserted in the diagonal- 
direction wiring path used as the replacement. Consequently, the distance that two wiring lines 
run parallel within the same layer is shortened, allowing the control of the generation of crosstalk 
noise. 

[0103] Seventh Working Configuration 
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* ' 

The seventh working configuration, in a multi-layer wiring structure which uses the diagonal 
wiring grids of the aforementioned working configurations, is a working configuration in which 
the wiring resources of the diagonal wiring grids are used for supplying power. 

[0104] Figure 12 is a diagram showing the configuration of the principal elements of a 
semiconductor integrated circuit according to the seventh working configuration of the present 
mvenuon. For the elements which are in common with those of Figure 6, the same symbols have 
been assigned, and the explanation of them is omitted. 

[0105] As shown in Figure 12. a part of the third layer wiring 3 and the fourth layer wirin^ 4 
which are portioned in layers above the first layer wiring 1 and the second layer wirin* 2 °are 
used as power-supply wiring 191 for supplying power. In this way, a part of the wiring ' 
resources of the diagonal-direction general signal lines is used for supplying power and it is 
possible to compensate for any power that is lacking in cell rows 80. 

[01 06] As described above, according to the seventh working configuration, a part of the wirin* 
lesources of the diagonal-direction genera, signal lines" is used as wiring for supplyin now 
As a result, ,t is possible to compensate for any power that is lacking in cell rows 

[0107] Eighth Working Configuration 

The eighth working configuration is a working configuration in which the layout of cells are 

WinnS — *— - * - —o ned 

[0108] Figures 13 (a) and (b) are diagrams showing the method of positioning cells in a 
~T mtegrated CirCUit aCC?rding " dghth of the pLent 

[0109] Normally, in LSI design by means of CAD, the method of cell layout is created 
onsidenn, ; how to make wiring lengths short and [provide] ease of wiring. In such cases for 

[01 10] With this conventional method, as shown in Figure 13 (b) fim th- ™n c , 



a typographical error in the Japanese original ,ex, ignored - Transla.or. 
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[0111] Here, the conventional cut lines 260 are vertical and horizontal straight lines 
corresponding to the wiring grids in the X-Y direction as shown in figure 13 (b). However, once 
the aforementioned diagonal-direction wiring lines have been provided, objects having a 45° 
angle appear (for example) as obstacles to wiring as described in the fifth working configuration. . 
Therefore, it is not possible to achieve optimum cell positioning only using vertical and 
horizontal cut lines 260. 

[0112] In light of this, in the eighth working configuration, in addition to the conventional 
vertical and horizontal cut lines crossing perpendicularly, diagonal-direction cut lines 250 are 
used as shown in Figure 13 (a). Cells 201 and 210 are positioned so that the number of wiring 
lines which cross these diagonal-direction cut lines 250 are minimized. In this way, it is possible 
to determine cell positioning which enables optimal wiring in the vertical, horizontal and 
diagonal directions. As a result, an increase in the degree of integration of LSIs is possible. 

[0113] As described above, according to the eighth working configuration, when designing the 
cell layout in LSI design, cells are positioned by the mini-cut method using cut lines in the 
diagonal direction. As a result, in multi-layer wiring structures using diagonal wiring grids, it is 
possible to optimize cell positioning so that optimal wiring is achieved. Consequently, the 
degree of integration of LSIs can be increased. 

[01 14] Ninth Working Configuration 

The ninth working configuration is a working configuration which, in a multi-layer wiring 
structure using the diagonal wiring grids of the aforementioned working configurations, 
optimizes the clock tree structure through wiring design for clock supply in the case where 
diagonal-direction wiring is used, so that the variation in wiring RC delays is minimized. 

[01 15] Figures 14 (a), (b), (c) and (d) are diagrams for explaining the basic structure of clock 
trees in a semiconductor integrated circuit apparatus according to the ninth working 
configuration of the present invention. 

[0116] In general, a tree-shaped wiring pattern is used in order to provide a clock signal delay in 
each path. In such a case, if a multi-layer wiring structure with wiring grids only in the X-Y 
direction is used, [the structure] is such that the wiring features repetition of the H-type wiring 
pattern shown in Figure 14 (b), as shown roughly in Figure 14 (d). 

[0117] The ninth working configuration adopts a structure in which a pattern utilizing diagonal- 
direction wiring shown in Figure 14 (a) is repeated, in building this kind of tree wiring paths, as 
shown in Figure 14 (c). Specifically, as shown in Figure 14 (a), the paths are connected using 
diagonal wiring grids starting from the four points PI, P2, P3 and P4 and are gradually made to 
approach one another. The two points P5 and P6 where the pairs of points PI and P2 as well as 
P3 and P4 join are in turn connected by wiring in a wiring layer of either the vertical or 
horizontal direction, so that the pattern in Figure 14 (a) is obtained. Here, the branching points 
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of .he paths P5 and P6 are positioned s0 thal the de)ays „ d _ m 



i are 



!1„ T V ! S pa!lOT ° f the nimh WOrki "« ^, $ umi m shown i„ Figure 14 M is 
compared w.th the conventional H-, yP e wiring pattern shown in Figure 14 (b) he differlnce in 
"tnng length ,s only a few peroent, but in terms of the wiring R C delay there i 7 
diffetcnce. Suppose that the wiring distance r per unit 

ZinlTT C ^ ^ Sa ' m ' Md ' hcJs » capacitan ?! ad ,Te 

terminals. In such a case, the wiring delay D„ of the conventional H n~ • ■ 

in Figure .4 (b) is obtained by the following equation Sh ° W " 
[0119] 

D H = rl(2cl)+ 1/2 rl •cl = 2.5rcl 2 (1) 
(where 1 is the length of the wiring in Figure 14) 

On the other hand, the wiring delay D d of the wiring pattern of the ninth world™ n* r • 
shown in Figure 14 (a) is obtained from the following equation * ™ fi * Mlwn 

[0120] 

D (] =l/2r(V2J)o C (V2l) = rcl 2 (2) 

Furthermore, since the distance between P5 and P6 in Figure 14 fa) is verv ^i. u 
ignored in the calculation of (2) W Y Sma "' can be 

[0122] 

D H -D d = (2.5-l)rcl 2 =1.5rcl 2 (3) 
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15, it is possible to establish the balance point accurately. This wiring pattern of Figure 15 can 
be partially used in the overall clock tree of Figure 14 (c). 

[0124] Moreover, as shown in Figure 16 (b), in the area near the output terminals of buffers 310 
inserted in a mid-point in the tree, in some cases "round about" paths 3 1 1 may be provided to 
make the delays equal to those of other buffers. In such cases, by using diagonal-direction 
wiring shown in Figure 16 (a), it is possible to reduce the number of via holes. Consequently, in 
the structure of Figure 16 (a), the beneficial effects can be obtained in terms of reduction of via 
hole resistance and [better] resistance to electro-migration. 

[0125] Figures 17 (a), (b) and (c) show examples of wiring design using the "labyrinth" method 
as a specific wiring method for the case where the diagonal wiring grids in the 45° and 135° 
directions are created by automatic wiring. 

[0126] 320 and 321 in Figures 17 (a) ; (b) and (c) are the starting-point and the ending point for 
pairs of terminals which should be mutually connected. 330 is a "no-wiring" region in the chip 
core region. The layout of the wiring, from the starting point 320 to the end point 321, follows 
the path indicated by the thick line in Figures 17 (a), (b) and (c). The example shown in Figure 
17 (a) illustrates wiring in which both X-Y direction wiring and diagonal-direction wiring are 
used. Figure 17 (b) shows. an example in which wiring is performed by diagonal-direction 
wiring only. Furthermore, the example shown in Figure 17 (c) illustrates wiring in which X-Y 
direction wiring and 135° direction wiring are used. 

[0127] As described above, with the ninth working configuration, in constructing tree paths, a 
configuration is used which combines unit wiring patterns which make use of diagonal-direction 
wiring. As a result, it is possible to reduce the wiring RC delay and construct an optimal clock 
tree. 

[0128] Tenth Working Configuration 

The tenth working configuration is a working configuration in which, in a multi-layer wiring 
structure using the diagonal wiring grids of the aforementioned working configurations, the X-Y 
direction wiring grids of Figure 3 are formed by means of three wiring layers which cross each 
other perpendicularly, making it possible to increase wiring resources in the cell row direction. 

[0129] Figure 18 is a layout diagram showing the wiring grid structure of a semiconductor 
integrated circuit according to the tenth working configuration of the present invention. Figure 
19 is a cross-sectional diagram, as viewed from the direction of the X axis in Figure 18, of a 
wiring structure which is wired on the basis of the wiring grid structure shown in Figure 18. 

[0130] In Figure 18, the X-Y direction wiring grids are formed by means of three layers of 
wiring. Specifically, as shown in Figure 18, the wiring lines of a first layer 601, second layer 
602 and third layer 603 cross each other perpendicularly as do those of a fourth layer 604 and 
fifth layer 605, and thus form wiring grids. Here, the tenth working configuration provides the 
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third layer wiring 603 that runs in parallel ,o the firs, layer wiring 601. Specifically, the grids are 
latd ou, so tha, the fourth layer wiring and (he fifth layer wiring cross the firs, layer wiring , 
well as the ,h,rd layer wiring at 45° and 135° respectively. L«""Was 

[0131] 601 in Figure 18 is the firs, layer wiring grid. In the layer above i,, and crossing 
perpendicularly, the second layer wiring grid 602 is formed. In the layer above this second 
[layer] wtrtng grid 602, and crossing petpendicularly, the third [layer] wiring grid 603 is formed 

of 4? rr ros Tr he r,rst f ,ayer wirins grid 601 and ,hird ^ ^ & «* « - ^ 

of 45 , the diagonal-duection fourth layer wiring grid 604 is formed. Next, crossin. the Bm 
layer wutng gnd 601 and third layer wiring grid 603 a, an angle of 135°, ,he diag„n°al-direc on 
fifth layer wiring grid 605 is formed. S oirection 

10132] In (he tenth working configuration, as in the firs! wotting configuration (he line „i,,h 
between the wiring hues of me four,,, layer wiring 604 and be.ween ,he°w 2 g ,'i e he fifth 
ayer w.rtng 605, which are laid ou, in the diagonal direction, ate respecively se a, me e 
me pitch ft e.ween the wiring lines of ,he firs, layer wiring 60, and be.ween me wiri ZL s 

of he second layer wiring 602, as well as between the wiring lines of ,he second laye wirin. 

602 and he third layer wiring 603 (i.e., V2 • X). Furthermore, as shown in Figure . 9 , e w f in „ 

whir 't J r ° U,1h ' ayer Wiri " S 604 Wi ^ W «* ™ lay r wt n I / 

w ,ch are laid ou, m (he diagonal direclion, are respecively se, a, V 2 (imes (he line pitch t/d ,', 
between [.„c] ,he wiring lines of ,he fa, ,ayer wiring 60, and heween [.«] (he wirin 1 „e ' 

nd Z W '™ S S02 ' " We ", aS be,Wee " Wiri "8 V <™ <* *• -"id layer ww " 60 
and the third layer wiring 603 (i.e., v2 • ,). Moreover, for (he fin, layer wirinc 60 , «™°d I L 

wtrtng 602, and third layer wiring 603, his desirable tha, (he wirin. line wid h° he i'h, 2, 

P„eh be defined a, (he minimum specified according to (he design '"" 

[0133] Returning ,o Figure 18, the first layer wiring 601 and third layer wirin- 603 are formed 

[0134] In multi-layer structures based on wiring grids in the conventional X-Y direction whi-h 
of crosstalk noise. ' direCt '° n While ™PP"«ing the 

generation 
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them the aforementioned diagonal wiring grid is formed. As a result, wiring resources in the cell 
row direction can be ensured. 

[0136] Moreover, as a modified example of the tenth working configuration, one or more layers 
of wiring grids may be formed on top of the diagonal wiring grids formed by the fourth layer 
wiring 604 and fifth layer wiring 605. These upper-layer wiring grids are formed by a pair of 
wiring grids consisting of the sixth layer wiring and seventh layer wiring (which cross each other 
perpendicularly) at a 45° angle with respect to the fifth layer wiring 605. After that, further build 
up is done by repeating this structure. Specifically, in addition to the standard wiring grids 
consisting of the aforementioned first layer wiring, second layer wiring and third layer wiring, 
and the diagonal wiring grids consisting of the fourth layer wiring and fifth layer wiring, a pair of 
wiring grids consisting of two layers, Q? - l)th layer and pih layer, are formed which cross each 
other perpendicularly and which form a 45° angle with respect to the (j? - 2)th layer wiring, thus 
providing a wiring structure with q layers (where q > 5). 

Here, the line pitch [between] the wiring lines of the {p - l)th layer and the /7th layer which cross 
each other perpendicularly is set at ^2 times the line pitch [between] those of the (p - 2)th layer. 
Furthermore, the wiring line width of the (p - l)th layer wiring and the pth layer wiring is set at 
V2 times the line pitch [sic] of the Q? - 2)th layer wiring. Moreover, for the first layer wiring, 
second layer wiring and third layer wiring, it is desirable that the wiring line width, height and 
line pitch be defined at the minimum specified according to the design rules for wiring design. 

[0137] With this modified example, it is possible to increase the degree of integration of circuits 
and to reduce wiring RC delay. 

[0138] Eleventh Working Configuration 

The eleventh working configuration is a working configuration in which, in a multi-layer wiring 
structure using the diagonal wiring grids of the aforementioned working configurations, circuit 
speed is increased by using the wiring of wiring layers forming diagonal wiring grids for global 
wiring which is relatively long wiring. 

[0139] Figure 20 is a diagram which explains the wiring layout according to the eleventh 
working configuration. Figure 2 Lis a diagram which explains the global wiring according to the 
eleventh working configuration. Furthermore, to facilitate understanding, the following 
description uses an example in which, as in the tenth working configuration, the X-Y direction 
wiring grids are formed from the first layer wiring, second layer wiring and third layer wiring, 
and the diagonal wiring grids are formed from the fourth layer wiring and fifth layer wiring. 
However, it goes without saying that this can also be applied to the case in which the X-Y 
direction wiring grids are formed by the first layer wiring and second layer wiring as shown in 
the first working configuration. 
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[0140] As shown in Figure 20, in the eleventh working configuration, the upper layer wiring of 
the fourth layer wiring and the fifth layer wiring, which form the diagonal wiring grids, is used 
for global wiring. In global wiring, the delay characteristics which are generally required 
become a critical matter. Because these delay characteristics affect the overall circuit speed of 
the chip, the wiring RC delay, in particular, becomes an issue. Here, in the aforementioned 
working configuration, the RC delay of the upper layer wiring becomes half that of the lower 
layer wiring (i.e., the wiring in the X-Y direction). As a result, by using the wiring of the 
diagonal wiring grids constituting the upper layer wiring for global wiring, the operating speed 
of the circuit can be increased. On the other hand, it is desirable to use the lower layer wiring 
(i.e., the wiring in the X-Y direction) for local wiring. 

[0141] Moreover, here "global wiring" refers to the wiring used for such lines as clock net 
(clock wiring), bus and power supply reinforcing lines for the entire chip. For example, in the 
case of 0.25 fim design rules, if wiring with wiring length of approximately 2.5 mm or greater is 
used for global wiring, then the wiring RC delay will become approximately 1.4 nsec. 
Incidentally, "local wiring" refers to wiring with wiring length shorter than the above. 

[0142] Furthermore, the line pitch of the X-Y direction wiring (lower layer wiring) which is 
used for such local wiring is narrower than the line pitch of the diagonal-direction wiring (upper 
layer wiring). In that case, it is desirable that cells with strong drive power 610, such as (for 
example) clock buffers cells, buffer cells for bus use, etc., as shown in Figure 21, be directly 
connected to global wiring rather than going through the wiring of each layer (601 through 604) 
each time. For this reason, in the eleventh working configuration, a pattern for the output 
terminals of cells with strong drive power is a pattern which enables them to be directly 
connected to the wiring of the diagonal wiring grids of the fourth and higher layers. As shown in 
Figure 22, the output terminals 704 of these cells with strong drive power are defined by access 
points where the diagonal wiring grids of the upper layer cross perpendicularly. 

[0143] By making the pattern of the output terminals of these cells in a form that enables them 
to be directly connected to global wiring, the wiring lengths related to these cells are shortened, 
and wiring design also becomes easier. Furthermore, by connecting directly to the upper layer 
wiring of the diagonal wiring grids of the fourth and higher layers, it is possible to reduce the 
number of via holes and to reduce the resistance caused by via holes. 

[0144] As described above, according to the eleventh working configuration, wiring of wiring 
layers constituting diagonal wiring grids is used for global wiring, which is relatively long 
wiring. As a result, the wiring RC delay, which has a large impact on circuit characteristics, can 
be reduced, and circuit speed can be improved. 

Twelfth Working Configuration 

The twelfth working configuration is a working configuration which, in a multi-layer wiring 
structure using the diagonal wiring grids of the aforementioned working configurations, balances 
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the RC product as follows: specifically, a clock wiring structure for supplying clock [signals] 
from a PLL (Phase Locked Loop) circuit is such that the wiring is done from the PLL to the 
center of the chip using a diagonal wiring grid, and the wiring from this chip center to each flip- 
flop is defined by a tree structure. 

[0145] Figure 23 (a) is a diagram showing the conventional wiring method for clock supply 
from a PLL. Because a PLL 803 is a sensitive analog cell, due to circuit characteristics, it must 
be positioned at the edge of the chip. As a result, with the conventional method of using X-Y 
direction wiring 801, wiring lengths become long. Figure 23 (b) is a diagram showing the wiring 
method of the twelfth working configuration for clock supply from a PLL. With the twelfth 
working configuration, clock supply wiring 802 from the PLL 803 14 to the chip center 804 is 
done using a diagonal wiring grid. As a result, wiring length is shortened, and also the wiring 
RC delay is reduced. As shown in Figure 24, the wiring from this chip center to the clusters 
made up by each flip-flop is done via buffer cells. Figure 25 is a diagram showing the clock tree 
of the twelfth working configuration. From each buffer cell, as shown in Figure 24, a clock 
wiring path is configured so that the RC product is balanced. Specifically, in order to balance 
the delay of the X-Y direction and the diagonal direction, the clock wiring path from the chip 
center is configured hierarchically. This hierarchical clock tree may be formed in the same way 
as in the aforementioned ninth working configuration as shown in Figure 26. Furthermore, a. 
PLL may be substituted with a DLL. 

[0146] Furthermore, in making these clock wiring paths, it is desirable to give priority to use of 
upper-layer diagonal wiring grids and to set the wiring line width wide. Specifically, if the line 
pitch of the diagonal wiring grids is V2 times that of the lower-layer X-Y wiring grids, it is 
easier to use wider line widths in the diagonal wiring grids. As a result, it is possible to suppress 
any increase in the wiring RC delay which accompanies reduced [sic] wiring resistance R. 

[0147] As described above, according to the twelfth working configuration, by using a diagonal 
wiring grid for the clock supply wiring from the PLL to the chip center, the clock wiring paths 
are configured hierarchically in order to balance the delays of the X-Y direction and diagonal 
direction in the clock supply wiring running from this chip center to each flip-flop on the chip. 
As a result, the wiring length for clock supply is shortened, and also the wiring RC delay is 
reduced. 

[0148] Thirteenth Working Configuration 

The thirteenth working configuration is a working configuration which, in a multi-layer wiring 
structure using the diagonal wiring grids of the aforementioned working configurations, uses a 
diagonal wiring grid to pass wiring lines over an SRAM in cases where an SRAM is positioned 
in the chip. Moreover, the thirteenth working configuration also applies to the configuration 
where a DRAM is used instead of an SRAM. 

M Translator's noic: the original erroneously reads "PLL 802." 
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[0149J Figure 27 is a diagram which describes pass-through wiring lines which run over 
memories ,n the thirteenth working configuration. The lower-layer X-Y direction wirin* layers 
I and 2 are used, for example, for word lines and bit lines, and they are formed within an°SRAM 
9ul. wn tne oiner hand, pass-through wiring lines 3 and 4 are wired using the upper-layer 
diagonal wiring grids. In other words, X-Y direction wiring 1 and 2 within the SRAM 901 and 
pass-through wiring 3 and 4 15 (using diagonal wiring grids) are not parallel as they are with 
TZl^T teChniqUeS ' F ° r thiS reaS ° n ' C ° mpared t0 conven ^nal techniques, coupling noise 

[0150] As described above, according to the thirteenth working configuration, pass-throuoh 
wiring ines which run over memories are formed by using the diagonal wiring grids crossing the 
interna, wiring of the memories at an angle of 45° or 135°. As a result, coup.i^^oLe Ze^n 
wiring within the memories and pass-through wiring is reduced. 

[0151] Moreover, the present invention is not limited to the working configurations described 
above; within a scope that does not deviate from its essential points, many kinds of variations are 

[0152] 

[Effect of the Invention] As explained above, according to the present invention in a 
semiconductor integrated circuit using a multi-layer wiring configuration in which diagonal- 
direction wiring grids that cross [each other] perpendicularly are provided in addition to X-Y 
direction wiring grids that cross [each other] perpendicularly, the following benefits are achieved 

rough use of the diagonal wiring layers: specifically, circuit delay characteristics an no 
■ esistance are improved, wiring design is facilitated, and manufacturing cost is reduced. 
[Brief Explanation of the Figures] 

[Figure 1] Figure 1 is a layout diagram showing the wiring grid structure of a semiconductor 

integrated circuit apparatus according to the first working configuration of the presentTn^n. 

[Figure 2] Figure 2 is a plan view showing one example of a wiring structure for the case of 

implementing wiring based on a wiring grid structure such as that shown in Figure 1 

[Figure 3] Figure 3 is a cross-sectional view along line A-A in Figure 2. 

[Figure 4] Figure 4 is a diagram which explains the method for inserting repeater cells in a 

ZZSZX^ circuit apparatus — g to the — d ^u^z a of the 

[Figure 5] Figure 5 is a diagram which explains the wiring delay. 



' Translator's note: the original erroneously reads "pass-through wiring 2 and 3.' 
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[Figure 6] Figure 6 is a layout diagram showing the structure of a semiconductor integrated 
circuit apparatus according to the third working configuration of the present invention. 

[Figure 7] Figure 7 is a partial plan view showing the shapes of via holes in a semiconductor 
integrated circuit apparatus according to the fourth working configuration of the present 
invention. 

[Figure 8] Figure 8 is a diagram showing cells or mega-cells in a semiconductor integrated 
circuit apparatus according to the fifth working configuration of the present invention. 

[Figure 9] Figure 9 is a diagram showing examples of obstacles to wiring in the fifth working 
configuration. 

[Figure 10] Figure 10 is a diagram which explains the relationship between wiring and obstacle 
regions in the wiring of the fifth working configuration. 

[Figure 1 1 ] Figure 1 1 is a diagram showing the principal elements of the structure of a 
semiconductor integrated circuit apparatus according to the sixth working configuration of the 
present invention. 

[Figure 12] Figure 12 is a diagram showing the principal elements of the structure of a 
semiconductor integrated circuit apparatus according to the seventh working configuration of the 
present invention. 

[Figure 13] Figure 13 is a diagram showing the method of cell layout in a semiconductor 
integrated circuit apparatus according to the eighth working configuration of the present 
invention. 

[Figure 14] Figure 14 is a diagram which explains the basic structure of clock trees in a 
semiconductor integrated circuit according to the ninth working configuration of the present 
invention. 

[Figure 15] Figure 15 is a diagram which explains a modified example of the clock tree structure 
according to the ninth working configuration. 

[Figure 16] Figure 16 is a diagram which explains the principal elements of the structure of a 
tree in the case of providing a "round about" path. 

[Figure 17] Figure 17 is a diagram showing a specific wiring method for the case where the 
diagonal wiring grids are created by automatic wiring. 

[Figure 18] Figure 18 is a layout diagram showing the wiring grid structure of a semiconductor 
integrated circuit apparatus according to the tenth working configuration of the present 
invention. 
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[Figure 20] Figure 20 is a diagram which explains a wiring «irf sinictur- h f i- ■ 

^; a8rara CXP ' ainS *>' -P"' " of 

[Figure 23] Figure 23 is a diagram which explain, [a] a conventional wiring structure of clock . 
upply w,r,ng from a PLL to each flip-flop, and [b] the wiring structure of clock sunl 
™toeach flip-flop according to the twelfth ^^Z^^ 

horn a PLL to each flip-Hop according to the twelfth working configuration. 
conCl RSUre ^ ,S ' dia8ram eXP ' ai " S * e d ° Ck ' TO " ° f «« -king 

coCaL^ ^ " " dia§ram "** eXPkinS ** - ~ '"e twelfth working 
[Figure 27] Figure 27 is a layout diagram showing the whin- -rid structure nf , < • , 

[Explanation of Symbols] 



1,601 first layer wiring 

2, 602 second layer wiring 

3, 603 third layer wiring 

4, 604 fourth layer wiring 

1 0 semiconductor substrate 

1 1 interlayer insulation film 
12, 13, 14 via holes 
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20 


repeater cells 


21,22,101,201 cells 


80 


cell row 


85 


wiring channel 


102 


effective region 


103 


transistor region 


191 


wiring for supplying power 



250, 260 cut lines 

605 fifth layer wiring 

610 cells with strong drive power 

801,802 clock wiring 

803 PLL 

804 chip center 

805 buffer cell 

806 flip-flop 

807 cluster 
901 SRAM 
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1 .l»l«oE«4H^ 



[Figure 1] 
J: first layer wiring grid 
2: second layer wiring grid 
3: third layer wiring grid 
4: fourth layer wiring grid 




(a) 



[Figure 2] 




23x#[p^|£& 



(b) 



34 #f*6#juj c?£$ 





[Figure 3] 
2: second layer wiring 

10: semiconductor substrate 
1 1 : interlayer insulating film 
12, 13, 14: via holes 



(c) 



W) 



45xjW4oeir P^ 22 



^21 



21 -t/u 



[Figure 4] 

20: repeater cell 
21,22: cells 

23, 35, 45: X-direction wiring 

25, 34, 46: diagonal-direction wiring 
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00 



21 -k* 



63 ^v^KIRW 



21 22 

(b) d>— , pi 

73 tf]v*feai*0 
[Figure 5] 

21,22: cells 

64, 73: narrower wiring line width 
63, 74: broader wiring line width 




: -2 
b-80 

}85 Ettf-*** 
-80 

f-1 



80: cell rows 
85: wiring channel 



[Figure 6] 




[Figure 7] 
90A, 90B, 90C, 90D: via holes 
91: X-Y direction wiring 
92: diagonal-direction wiring 



10Hr;i/ lOlaEPH^ > 




113 



[Figure 8] 

101: cell 

101a: four corner lines 

102: effective regions 

103: transistor region 

103a: transistors 

113: diagonal-direction wiring 
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(a) 122EWMftt- 



m 



All 



(b) 132 



[Figure 9] 
122, 131, J 32, 133: obstacle regions 



(a) 




173#aMnfiiffi|R 



(b) 




-161 
v 162 



183/ty 7 



(c) 




161, 162: wiring 

173, 174: diagonal-direction wiring 
183: buffer ce]](s) 



(a) 1 42 





142 / 

141 -t;u 



fl>)152K#atft* 




154 E3ff j£ff*tt 



—153 62® 



101 

[Figure 10] 

101, 141: cells 

142,152: obstacle regions 

143, 153: wiring 

144, 154: areas near four corners 



i?i 




[Figure 12] 
191: power-supply wiring 



20K \ 



•250 ijv h7<{> 



(a) 




(b) 




210 



210 -t;i/ 



201,210: cells 
202: wiring 
250,260: cut lines 



201 j " 260 a? mm > 

[Figure 13] 
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(a) 




[Figure 15] 
270: balance point 




(d) 



310/^v7T-t;u 



(b) 



[Figure 14] 
270, 280: balance points 



-311 



[Figure 16] 
300,310: buffer cells 
301,311: "round about" paths 
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Cc) 
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BSSS8L 
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-320 



-330 



1 1 1 1 i n 

[Figure 17] 
320: terminal-pair starting point 
32 1 : terminal-pair ending point 
330: "no-wiring" region 
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602 £2J««?« 



604 #4BK£ 



: , 605 &5fcEi* 



[Figure 18] 
601: first layer wiring 
602: second layer wiring 
603: third layer wiring 
604: fourth layer wirin* 
605: fifth layer wiring 
a: X axis 

b: cell row direction 



e. £5B 
d. *4« 

c . ffi3& 

b. »2® 
a. mm 



- 604 »4«£» 



"□a 0 0 



[Figure 
601 : first layer wiring 
602: second layer wiring 
603: third layer wiring 
604: fourth layer wiring 
605: fifth layer wiring 
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a: first layer 

b: second layer 

c: third layer 

d: fourth layer 

e: fifth layer 
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[Figure 20] 
a: first layer f : global wiring 

b: second layer g: local wiring 
c: third layer 
d: fourth layer 
e: fifth layer 
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[Figure 21] 
601,602,603: local wiring 
610: cells with strong drive power 
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[Figure 22] 
701: ground terminal 
702: power source terminal 
703: input terminals 

704: defined location for output terminals 



(a) (b) 




[Figure 23] 
801, 802: clock wiring 




[Figure 24] 

805: buffer cells 
806: flip-flops 
807: clusters 
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401: first layer wiring grid 
[Figure 27] 40 2: second layer wiring grid 

403: third layer wiring grid 
404: fourth layer wiring grid 




[Figure 29] 
501,502: grid points 
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